Spin-spin coupling constants between the methine proton in the oxetane ring and the phenyl protons and carbon nuclei have been calculated in different conformations in the INDO approximation for 2-phenyloxetane and 2-(4-fluorophenyl) oxetane, and in the CNDO approximation for 2-(2-chlorophenyl) oxetane and 2-(3-chlorophenyl) oxetane. In each case the finite perturbation method has been used.
Calculation Procedures and Estimation of Errors in J's
All calculations were performed using the CNINDO (QCPE141) programme with the original parametrization, enlarged by three subprogrammes 1 for computing the spin-spin coupling constants.
According to the finite perturbation theory (FPT) 2 , the spin-spin coupling constant between the nuclei N and N' is, following the usual practice, Thus the change \AJ\ in the calculated coupling constant is equal to or less than 10~5 j 7xx' I on first iteration circle after convergence (2) has been reached. For example, if the calculated coupling constant is of the order of 1 Hz, the correction to this is <; 10~5 Hz.
The maximum number of iterations was limited to 100 in the INDO calculations and to 50 in CNDO calculations. In the former ones the coupling constants converged after about 50 -70 iterations in most conformations and always before 100. In the CNDO calculations, on the other hand, some /'s failed to converge.
The Cartesian atomic coordinates were calculated with the aid of the subroutine COORD 1 in each conformation. For the phenyl protons and carbons the coordinates of benzene were used 4 . The oxetane ring was approximated in 2-substituted oxetanes by a square with sides of 1.5 Ä 5 . For the other bond lengths and bond angles the following data were applied 5 : R(Ca -Ha) = 1.09 A. R{Cß-Hß) =1A0A, <£Ha-Ca-Hu = 110° 18' and <$Hß-Cß-Hß = 110° 44'. In normal oxetane R(C-C) was 1.549 Ä and /?(C-0)
1.449 Ä, and the angles were <£ C,a -Cß -Ca = 84° 33' and <£ C" -0 -Ca = 91° 59'. The alpha methylenes were assumed to lie in one plane perpendicular to the planar oxetane ring. For the C -F and C -Cl bond lengths, the typical values of 1.35 Ä and 1.70 Ä, respectively, were used, since no experimental results exist for the studied molecules. For the same reason the C -C bond between the rings was assumed to lie on the twofold axis of the phenyl ring and for its length the values 1.4 Ä and 1.6 Ä were used.
The coupling constants were calculated with different values of the rotational angle 0 (see definition in Fig. 1 ), the intervals being 30 or 20 . The results were least squares fitted to the Karplus function 6 J = a + b cos 0 + c cos 2 0
using the programme LINGR 7 . The same weights were given for all the data. The computations were performed with UNIVAC 1108 and Honeywell 1644 computers.
H-H Coupling Constants
The main interest was directed to the long-range proton-proton coupling constants between the methine proton (proton 7) in the oxetane ring and the phenyl protons, because experimental results on these were available. The numbering of the atoms is illustrated in Figure 1 .
The notations 7", /"' and 7 1 ' usually refer to the coupling constants in benzene derivatives, but for the sake of convenience, they are here used for the coupling constants between the rings. For instance, J" is the coupling constant between H7 and the protons H2 and/or H6, which are orto relative to the oxetane part. 
2-Phenyloxetane
The calculated long-range H -H7 coupling constants for 2-phenyloxetane have been listed in Table 1 and are presented graphically in Fig. 2 
/P = -0.388 + 0.327 cos 2 0 .
The behaviour of the coupling constants as functions of 0 shows some interesting features, the ortho and para couplings having two maxima and minima when 0 goes from 0 to 360", the meta coupling only one. The maximum of /•' occurs when the partial dipole moment of the oxetane part lies perpendicular to the phenyl plane, i.e. 0 = 0 or 180 , and the minimum when the oxetane moment is parallel to the phenyl plane, i.e. 0 = 90° or 270°.
A comparison of the direct INDO results with the results obtained by the Eqs. (6) is given in Table 2 . The value measured for 7" in D6-benzene solution is -0.64 Hz 8 . The effect of the other two coupling constants, 7 m and / p , could not be seen in the 300 MHz PMR spectra, the resolution of 0.4 to 0.6 Hz being too low. lf free rotation around the C -C bond between the rings can be expected, the average values over the period 360^ obtained from the Eqs. (6) are -0.563 Hz, 0.477 Hz and -0.388 Hz for 7°, 7 m and 7 P , respectively. Thus it seems that in this case the absolute value of the coupling constant decreases as the number of the bonds between the coupled protons increases. However, the minimum energy is obtained when 0 is approximately 135°, corresponding to the conformation where the oxygen atom lies very close to the plane of the aromatic ring. Maximum energy is reached with 0 -60°. The energy difference between these two conformations is about 4 kcal/mole. Still, the coupling constants which are obtained as the mean values of the two equivalent states with energy minima (0 = 135" and 315°) are very close to those in the case of free rotation.
In the previous work dealing with the 60 MHz PMR spectra of 2-(2,4-dichlorophenyl)oxetane and 2-(3.4-dichlorophenyl) oxetane, 7° and 7 m were found to be opposite in sign
The present calculations at the INDO level of approximation support this conclusion: they give 7" as negative, 7"' as positive, and />' again as negative in accordance with the Dirac vector model. Zon et al. 10 were able also to resolve the long range "diagonal" coupling constants in the oxetane ring of 2-phenyloxetane. By comparing the observed and the calculated spectra and by performing tick- 
2-(4-fluorophenyl) oxetane
For 2-(4-fluorophenyl) oxetane, calculations were carried out with two different C-C bond lengths between the rings, namely with R(C -C) = 1.4 A and R(C -C)= 1.6 Ä. The results are given in Table 3 . They can be reproduced to within approximately the same error limits as in Table 2 by the Eq. (7) 
/&F= 0.499-O.5O8cos2 0.
In the above equations, /HF is the coupling constant between the methine proton and the fluorine nucleus in the para position of the phenyl ring. As it is seen from Table 3 and the Eqs. (7) and (8), the magnitudes of the coupling constants are fairly sensitive to the C -C bond length between the rings. With the value 1.6 A, however, the substituent effect of the fluorine atom is negligible [Eqs. (6) and (8)]. This is also true experimentally, since the analysis gave for 7° the value -0.63 Hz 13 , which is within the error limits the same as in 2-phenyloxetane. Neither 7 m nor /HF could be resolved in the spectrum of 2-(4-fluorophenyl) oxetane.
If free rotation could be imagined around the C -C bond, the average values calculated from Eqs. (8) (7) would give approximately double these values. However, the situation is very much the same as in 2-phenyloxetane; there exists an energy barrier to the rotation. It is about 9.4 kcal/mole with /?(C-C) = 1.4 A and 4.0 kcal/mole with Ä(C-C) = 1.6 Ä, and the most stable conformation is that where the 
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/C2-H7 /C6-H7 / C3-H7 / C5-H7 /C4H-7 ./T'1-117 /C7H-7 The 100 MHz PMR spectra of the phenyl protons of 2-(2-chlorophenyl)oxetane and 2-(3-chlorophenyl)oxetane have recently been analysed 14 . In 2-(2-chlorophenyl)oxetane /" was -0.88 Hz, the metacouplings /37 m and J57 m were 0.49 Hz and 0.12 Hz, respectively, and / p was -0.63 Hz whereas in 2-(3-chlorophenyl) oxetane /27° = -0.76 Hz, /67° = -0.68 Hz, /"' = 0.37 Hz and /•' = -0.36 Hz. The error limits are somewhat greater for the latter substance, since the spectrum (AA BC part of the AA'BCX spin system) of the phenyl protons is not very sensitive to individual coupling constants, but rather to the sums of some coupling constants.
The calculated values are given in the Tables 4  and 5 Table 9 . C-117 coupling constants of 2-(3-chlorophenyl)oxetane in different conformations at the CNDO level of approximation with R{C -C) =1.4 Ä.
Not all /'s converged.
C-H Coupling Constants
The calculated C -H7 coupling constants between the methine proton H7 and the carbon nuclei in the phenyl ring are listed in the Tables 6 -9 
Dipole Moments
The dipole moments for some oxetane derivatives have recently been measured in solutions 16 . In nor- 
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